The editing status of mRNA at the Q/R site of the glutamate receptor subtypes -A, -B, -5 and -6 modulates channel conductivity and ion selectivity of glutamate operated ion channels [4,15,26,30]. In order to investigate whether a modification of this editing process may be involved in kindling epileptogenesis, the percentage of edited variant was determined in the hippocampus of kindled rats and compared to the percentage in control animals. In the latter, GluR-A mRNA was detected only in the unedited form (with detection threshold for edited form < 0.7%), whereas GluR-B was completely edited (> 99%). For GluR-5, the mean edited fraction of transcripts was in controls 36% and for GluR-6 the edited fraction was 92%. These editing percentages were not significantly changed in Schaffer collateral/commissural pathway kindled animals that were sacrificed 24 h after the last generalized seizure. It is concluded that the increased sensitivity for the induction of seizures characteristic for Schaffer collateral kindled animals is not related to a less selective or less efficient mRNA editing process of the different glutamate receptor subunits in the hippocampus.
Introduction
Repeated low-intensity electrical stimulation of brain sites results in the progressive development of electroencephalographic and behavioral seizures. This phenomenon is known as kindling [II] . Recently, it was reported that seizures elicited by kindling stimulations or kainate application induced an increase in the expression of the genes that encode for the AMPA-type glutamate receptor (GluR) subunits 1141 in the granular neurons of the fascia dentata [16, 17, 231 . Moreover, in the same neurons the splicing route of these transcripts is profoundly changed, leading to an increased ratio of flip to flop splice variants [16,171 which may contribute to the potentiation of the local evoked field potential amplitude and may slow down the GluR desensitization during paroxysmal activity [21, 25, 29, 331 . To address the question whether other alterations in the processing of GluR mRNA are triggered as a result of kindling, we investigated the editing of the Q/R (glutamine/arginine) site which is located in the putative ion channel forming transmembrane II region of ionotropic GluRs 1141. The presence of a GluR-B subunit containing an arginine residue at the Q/R site imposes the typical voltage-current relationship and a low permeability for divalent ions on heteromeric AMPA-type GluRs expressed in Xenopus oocytes [4, 13, 15, 28, 30] .
The other AMPA-type GluR subunits (GluR-A, -C and -D) carry a glutamine instead of an arginine at this position and combinations of these subtypes, without GluR-B, are associated with channels with a larger Cazf permeability.
It has been inferred that the arginine in GluR-B transcripts is introduced by a highly selective and efficient editing process executed by a deaminase guided by an intronexon RNA duplex of the primary GluR-B gene transcript [12] . This exchange of a single nucleotide causes the alteration of the gene encoded glutamine codon (CAG) into an arginine codon (CGG), thereby losing a BbvI restriction site [1, 7, 22] . In the adult rat brain, as well as in the human brain, all GluR-B transcripts are edited whereas GluR-A, -C and -D are not modified in this way [7, 26] 
Materials and methods

Electrode implantation and kindling
Male Wistar rats (200-250 g) were used. Chronic indwelling electrodes were placed in the CA1 area of the left dorsal hippocampus to enable kindling stimulations.
The details of this procedure were described previously [18] . In short: under pentobarbital anesthesia, two bundles of stainless steel wire electrodes were implanted. The stimulation bundle was placed on the Schaffer-collateral/commissural fiber pathway and the recording bundle was placed in stratum radiatum of CAI. Local evoked field potentials, elicited by test stimuli, were used to optimize the position of the electrodes. After two weeks of recovery, the rats were connected to a stimulation/recording device for recording field potentials in the freely moving animal. The stimulation electrode that elicited the optimal evoked field potential in response to single pulse stimulation of the Schaffer collateral/commissural fiber pathway was selected and used as the electrode through which the kindling stimulations were delivered.
After one week of recovery from the implantation procedure, a group of 13 animals was divided into a control group (n = 6) and a group (n = 7) that received, twice daily, kindling stimulations at an intensity supra-threshold for the induction of an afterdischarge (200-300 FA, 50 Hz, l-2 s) [ The specificity of the amplified DNA in the PCR samples was further checked by digesting the PCR samples with a panel of restriction endonucleases at 37°C for 60 min in the appropriate buffers. The restriction fragments were separated on agarose gels along with a DNA size marker.
Ratlo of edited to unedited form of GluR subunits
To study the ratio of the edited to non-edited cDNA forms of GluR-A, -B, -5 and -6, the cDNA synthesis and subsequent PCRs were carried out simultaneously on all the hippocampal RNA preparations obtained from control and kindled rats along with a non-template control. For each GluR subunit two identical 1.2% agarose gels, marked Q or R were prepared using 15 ~1 of the PCR samples. Lanes were alternating loaded with kindled and control samples, together with size markers (1 pg ECoRI/HindIII cleaved A DNA and a 100 bp ladder; Pharmacia).
After electrophoretic separation of the samples, the two gels were stained with ethidium bromide and photographed to check the success of the PCR amplifications in the different lanes. Gels were put in 0.5 M NaOH + 1.5 M NaCl for 30 min and neutralized with 1 M Tris-HCl+ 1.5 M NaCl (pH 7.0) and subsequently blotted to nylon filter (Hybond-N; Amersham) with 1OXSSC (1.5 M sodium chloride, 0.15 M sodium citrate) overnight. The DNA was UV-crosslinked to the filters. The gel was re-stained with ethidium bromide and inspected for any anomalies of the DNA transfer.
The Q and R blots were probed with a [72P]ATP 5'-end labeled oligo specific for respectively the unedited (glutamine = CAG) and the edited (arginine = CGG) variant of the GluR subunits as described in Sommer et al. [26] . The following Q-R pairs were used; for both GluR-A and GluR-B,
(2Rl; for GluR-5, 5'.GCTCT-CATGCAGCAAGGATCA-3' (5Ql and 5'-GCTCTC-ATGCGGCAAGGATCA-3' (5R); for GluR-6, 5'.AGAACCTT-GCTGCATGAGAGC-3' (6Q) and 5'-AGAACCTTGCCG-CATGAGAGC-3' (6R). The two filters were pre-hybridized for 2 h in 5xSSC.
30% formamide, 20 pg/ml tRNA, 0.5% SDS at 37°C. The Q and R selective oligo's were labeled and the specific activity was checked and differed not more than 15% (0.8~ IO cpm/pg). Labeled oligo was added to the hybridization buffer to a final concentration of 2 ng/ml and hybridization was for 3 h. The filters were then washed under low stringent conditions (5XSSC, 0.1% SDS, RT, 1 min) and exposed to Fuji-RX film. This allowed us to determine possible systematic differences between the amount of DNA immobilized on the filter between the different lanes. Following this initial exposure, the filters were submitted to a high stringent wash (0,4xSSC, 0.1% SDS, 60°C 2 min) which, based on prelimi- the filters were stripped with 0.4 M NaOH at 45°C for 30 min and neutralized with 0.1 x SSC, 0.2 M Tris-HCl (pH 7.5) at 45°C for 15 min. The Q-filter was then hybridized with the R-probe and vice versa following the same protocol as described above.
Quantification
Bands of the autoradiograms were scanned and digitized using a CCD camera. A background image was obtained from a blank film region and correction was carried out. The corrected image was stored on disk for later analysis of the extinction of the bands.
In order to obtain information over the precise relation between the amount of activity on the filter and the extinction values, a labeled oligonucleotide probe was blotted and UV-crosslinked to nylon filter in a broad range of activities using a slot blot apparatus (Bio-Rad) making two identical series. The filter was apposed to a film and subsequently, the slots were cut out from the filter and the activity was determined by liquid scintillation counting.
The linear relation between the activity immobilized on the filter and the extinction, corrected for blank film background, is presented in Fig. 1 
Based on the results of Sommer et al.
[26], we expected that, in control animals, GluR-A would be present completely in the unedited form while GluR-B would be totally edited. Anticipating the possibility that the kindling induced changes of the editing process may be small, we developed a method that allowed us to detect a small percentage of the edited or unedited variants within the total amount Fig. 2 . Analysis of the Q to R ratio of GluR-A in kindled and control animals. The top photographs show the resolved PCR samples from fully kindled (FK) and control (CTR) animals on the two agarose gels along with the size markers and a GluR-B sample. The second row shows the autoradiograms obtained from the GluR-A Q (left side) and the GluR-A R (right side) filters after the low stringent wash to check the equal loading of the kindled and control group on the filters. The third row is the pattern after the high stringent wash revealing the strong prevalence of the unedited (Q) form of GluR-A over the edited (R) variant in both kindled and control preparations.
The lane loaded with the GluR-B sample shows the opposite pattern. The bottom row shows the same filters after probing with the reverse oligonucleotide. Research 29 (I 995) 35-42 of amplified GluR DNA. The amount of DNA loaded on the gels was, therefore, more than conventionally used for Southern blotting. To determine the percentage of edited GluR-A and unedited GluR-B that could be detected using the PCR-based analysis employed in this study, a range of dilutions of a GluR-B PCR sample from a control animal was put on a separate agarose gel. After blotting, the filter was probed with the 2R oligo together with the filter containing the control-kindled samples, washed and exposed to film under identical conditions. A similar dilution range was prepared for GluR-A and was probed with 2Q. . GluR-A, -B and -6 bands were always detected after PCR amplification of hippocampal cDNA. GluR-5 was more difficult to amplify from hippocampal cDNA resulting in rather weak bands even when using 3 ~1 cDNA and 40 PCR cyles. Amplification from cerebellar cDNA always resulted in strong bands. This result suggests low mRNA levels of GluR-5 in the hippocampus and a higher abundance in the cerebellum, which is in agreement with in situ hybridization patterns [34] . The endonuclease patterns of the amplified fragments were determined using a panel of restriction enzymes; BarnHI, E&RI, HindIII, PstI, SacI, SmaI.
W. Kamphuis, F. H. Lopes da Siha /Molecular Brain
Results
Specificity of the PCR fragments
The patterns were in complete agreement with the predictions that were made from the published se- Table 1 Extinction (mean f S.E.M.) of the GluR fragments obtained by PCR of cDNA preparations of control (n = 6) and fully kindled animals (n = 7) Filters were probed by oligonucleotides specific for the unedited (Q) and the edited (R) form and washed under high stringent conditions. Densitometric analysis after discriminative washing (0.4 x SSC) revealed no significant differences between kindled and control samples. Note that the autoradiograms of the GluR-A fragments probed with 2R were exposed 3 times longer than the corresponding 2Q probed fragments and probably derive from some non-specific hybridization. nd, not detectable. 
GluR-A
The photographs of the GluR-A Q and R gels revealed no clear systematic differences between the amount of DNA applied to the different lanes of kindled and control animals, as illustrated in Fig. 2 . No visible DNA bands were left in the gel after transfer to the nylon filters. After the initial non-stringent wash at 5 x SSC the extinction values of the autoradiogram of the 2Q probed filter were 11 _t 1 (mean + S.E.M) for controls (n = 6) and 12 k 2 for kindled (n = 7); for the 2R probed filters the values were 6.7 f 0.6 vs 6.9 -+ 0.2.
Statistical
analysis using the Student t-test did not show significant differences in the density of the bands between the two groups of animals on the GluR-A Q and R filters, indicating equal amounts of DNA loaded on the filters. After a high stringent, Q/R discriminating wash (0.4 X SSC at 60°C) the GluR-A Q filter retained activity while the R filter showed only faint bands in all lanes of both control and kindled preparations. The faint bands at the R filter disapeared completely after a second wash with 0.35 X SSC at 60°C.
The extinction values at the GluR-A Q filter for control vs kindled were not significantly different (Table  1) . For control purposes, one lane on the R filter was loaded with a sample of GluR-B instead of GluR-A and this PCR fragment was clearly visible with the 2R probe (Fig. 2) . Both filters were stripped and were hybridized with the opposite probe to that used in the first round.
After the selective wash, the original GluR-A Q filter probed with 2R revealed extremely faint bands except for the one lane loaded with a GluR-B sample. The exposure of the complementary filter under the same conditions resulted in dense, overexposed bands confirming the absence of detectable amounts of edited GluR-A (Fig. 2) .
To determine the percentage of edited GluR-A that could minimally be detected using the PCR-based analysis employed in this study, a dilution series with a 24 probe: 5x SSC GluR-B sample (mimicking edited GluR-A) containing approximately the same amount of GluR-A DNA that was loaded on the Q and R test gels, was processed along with the GluR-A R filters. A dilution of 1: 145, equivalent with 0.7% of the total applied amount in the GluR-A Q-R test gels, was still detectable as an edited TM11 form and showed a higher density than a control lane loaded with GluR-A (Fig. 3a) . This result shows that the PCR-based analysis of GluR-A as used here, is capable to detect the presence of edited variants even when they form only a small fraction (0.7%) of the GluR-A transcripts.
GluR-B
The analysis of GluR-B was done in the same way as described for GluR-A and the results are illustrated in Fig. 4 . The extinction of the bands after the initial, low-stringency wash was 14 + 1 (controls) and 13 + 1 (kindled) for 2Q and 20 f 2 vs. 22 + 2 for 2R, showing no significant differences between kindled and controls. After the wash under high stringent conditions, no detectable activity was retained on the GluR-B Q blot except for the lane loaded with a GluR-A sample. Densitometric analysis of the exposed GluR-B R filter revealed no significant difference between the kindled and control group (Table 1) 5 . Photographs of the agarose gels and autoradiograms obtained from the blots after high stringent wash to discriminate between the edited (5R) and unedited (5Q) form of GluR-5. In two lanes of amplified cDNA obtained from kindled animals no bands were found and these two animals, indicated within parentheses, were excluded from further analysis.
filters resulted again in the complete failure to detect hybridization of the 2Q probe with any of the GluR-B fragments.
A dilution series with a GluR-A sample with aproximately the same concentration of DNA as that loaded on the test gels, was processed along with the 2Q filters. A dilution of 1: 110, corresponding with 0.9% of the total applied amount of DNA on the Q-R test gels, was well detectable as unedited product after the same exposure as the 2Q probed GluR-B fragments (Fig.  3b) .
GluR-5
In one kindled animal we were unable to amplify detectable GluR-5 band while in another animal only a faint amplification product was found (Fig. 5 ). These two lanes were excluded from the densitometric analysis. After probing the two filters with the 5Q and 5R oligo's and washing at 5 x SSC, the extinction values of the autoradiogram of the 5Q probed filter were 36 f 6 for controls (n = 6) and 35 f 5 for kindled (n = 5) and for the 5R probed filters 19 + 3 vs 19 f 2. Detectable bands were present on both the Q and the R filter after the selective wash and co-exposure the filters to the same film sheet (Fig. 5, Table 1 ). For each individual animal an editing percentage was calculated on basis of the extinction values (R/Q + R x 100%) From this, a mean editing percentage k S.E.M. for the control and the kindled group was obtained. The percentage of control (35.5 f 3.5) and kindled group (36.7 + 2.9) were not significantly different (Students t-test).
6Q probe; 0.4x SSC 6R probe; 0.4x SSC Fig. 6 . Photographs of the agarose gels and autoradiograms obtained from the blots after high stringent wash to discriminate between the edited (6R) and unedited (6Q) form of GluR-6. Note the predominance of the edited form although the unedited form is still present.
GluR-6
The density of the lanes after the first, low stringency, wash was not different between the control and kindled groups 6Q: 5.3 + 0.6 vs. 5.4 f 0.4 and for 6R: 15 &-1 vs. 14 k 2. After the high-stringent wash step no significant differences between the two groups were encountered (Fig. 6 , Table 1 ). The calculated mean edited fraction was 91.6 f 1.1 for controls and 90.7 f 1.2 for the kindled group (n.s.). In a second experiment, using new PCR samples and freshly labeled 6Q and 6R probes, the edited fraction was almost the same as that found in the first series: 91.6 k 0.4 for controls and 92.1 k 0.8 for kindled animals.
Discussion
The main result of this study on the editing of the Q/R site in TM11 coding region of GluR-A, -B, -5 and -6 mRNA is that we can reject the hypothesis that kindling epileptogenesis affects this editing process. The relative editing levels of the GluR subunits in control animals obtained by the PCR based analysis of hippocampal cDNA are in good agreement with the results decribed by Sommer et al. [26] and Kiihler et al. [20] . The GluR-A transcript was present in the rat hippocampus in the unedited form. Only trace amounts of hybridization product were detected on GluR-A filters incubated with the probe specific for the edited form but this product was effectively removed under slightly more stringent wash conditions, indicating that the trace amounts of filter signal may be derived from non-specific hybridization. In contrast to GluR-A, GluR-B was completely edited (> 99%) and in fact we were unable to detect even trace amounts of unedited GluR-B on the blots. The GluR-B subunit is likely to be present in most natural AMPA receptors since the AMPA selective ion channels in hippocampal slice preparation share most characteristics of the expressed recombinant heteromeric glutamate receptors containing a GluR-B subunit. Moreover, GluR-B mRNA is expressed widely in the central nervous system [19, 25, 33] . After high stringent washing of the GluR-5 and -6 blots a hybridization product was present on both the Q and the R probed filters. Thus, in contrast to GluR-A and -B, the edited and non-edited form of GluR-5 and -6 co-exist in cellular mRNA. Based on the densitometric analysis of the autoradiograms in controls a mean 36% of GluR-5 mRNA was edited. [l] . The differences in editing percentage may be due to methodological differences (Q/R specific DNA probes versus image analysis of BbvI restriction digests) or to differences in age since both GluR-5 and -6 show changes during brain development
La.
The finding that the editing of the GluR transcripts is not significantly modified in the hippocampus of kindled animals 24 h after the last generalized convulsion implies that changes in the calcium permeability of AMPA and kainate receptors are not involved in the process of epileptogenesis.
Therefore 
